Since 1977 when t h e J. Madey team s u c c e s s f u l l y operated t h e f i r s t f r e e e l e c t r o n l a s e r (F.E.L.) at s t a n f o r d C 1 ] a g r e a t i n t e r e s t has developped worldwide f o r t h e s e k i n d o f l i g h t s o u r c e s . Now many e x p e r i m e n t s a r e conducted o r i n p r e p a r a t i o n i n o r d e r t o obtain v a r i o u s types of FEL, f r o m t h e m i l l i m e t e r t o the XUV wavelength range, tunable i n a v a s t s p e c t r a l region and o r v e r y p o w e r f u l (tens of k i l o w a t t s of average power a r e seeked f o r "certain" applications).
Basically a FEL i s a device converting t h e kinetic energy of an e l e c t r o n beam i n t o a c o h e r e n t electro-magnetic wave. The a n c e s t o r s of the FEL a r e the e l e c t r o n t u b e s producting radio-frequency waves. Conceptualy the FEL i s v e r y c l o s e t o t h e k l y s t r o n invented i n 1939 by Varian & varianLZ1 and analyzed by wetsterL3]. However t h e k l y s t r o n i s l i m i t e d t o the crn wavelength range C0.5 t o 10 GHz t y p i c a l l y ] . Different types of cm and mm devices f o l l o w e d l i k e t h e mag'netron and t h e u b i t r o n invented by ~h i l l i p s [~~, which I s t r u l y the ancestor of the FEL. The main difference between the FEL and t h e k l y s t r o n i s t h a t i n t h e FEL the EM wave i s not coupled d i r e c t l y t o the longitudinal speed of t h e e l e c t r o n since a f r e e optical mode does not have a longitudinal component. I n o r d e r t o couple the EM wave t o the e l e c t r o n s one has t o provide them w i t h a t r a n s v e r s e component of t h e i r speed and t h i s component i s o s c i l l a t o r y so t h a t the e l e c t r o n s remain i n the optical mode : 
This i s t h e r o l e p l a y e d b t h e u n d u l a t o r (which i s sometimes u n n e c e s s a r y as i n t h e case o f t h e C e r e n t o v F E J 5 ] ) .
D u r i n g t h e 60's and e a r l y 70's t h e f r e e e l e c t r o n g e n e r a t o r s o f l i g t h did n o t p r o g r e s s m u c h t o w a r d o p t i c a l w a v e l e n g t h a l t h o u g h t h e o p t i c a l l a s e r w a s d i s c o v e r e d an i n t e n s i v e l y d e v e l o p p e d b y u s i n g a t o m i c and m o l e c u l a r e l e c t r o n i c t r a n s i t i o n s . These s y s t e m s have l e d t o a wide v a r i e t y o f l a s e r s . H o w e v e r outside t h e v i s i b l e r a n g e t h e t o d a y a v a i l a b l e l a s e r s a r e r e a c h i n g o n l y a f e w d i f f e r e n t w a v e l e n g t h s and a r e n o t t u n a b l e n o r v e r y p o w e r f u l .
The FEL r e e m e r g e d a t t h e end of t h e 70's. One r o u g h l y distinguishes t w o t y p e s o f FEL's : (i) t h e "Raman" t y p e FEL w h e r e t h e e l e c t r o n e n e r g y i s low, (a few MeV o r l e s s ) t h e c u r r e n t i s v e r y high, t h e p r o c e s s i s d o m i n a t e d b y c o l l e c t i v e e f f e c t s and t h e e m i t t e d w a v e l e n g t h i s i n t h e m m r a n g e . T h i s i s n o t t h e subject of t h i s p a p e r (ii) t h e c o m p t o n FEL w h e r e t h e e l e c t r o n e n e r g y i s high (10 t o l o 3 MeV), t h e i n t e r a c t i o n b e t w e e n e l e c t r o n s g e n e r a l l y n e g l e c t e d and t h e w a v e l e n g t h l i e s i n t h e o p t i c a l r e g i o n . This second t pe w a s s t u d i e d i n p a r t i c u l a r b y J. Madey who f i r s t c a l c u l a t e d t h e g a i n i n l 9 7 l L 7 ? and s u c c e s s f u l l y o p e r a t e d t h e f i r s t at h=3 p m i n 1977[11. Since t h a t date s e v e r a l FEL have been o p e r a t e d f r o m t h e f a r i n f r a r e d r e g i o n t o t h e visibleLb1.
The p o t e n t i a l advantages of t h e FEL a r e t h e f o l l o w i n g : -It i s t u n a b l e o v e r s e v e r a l decades o f wavelengths.
A g i v e n FEL s h o u l d be t u n a b l e o v e r t y p i c a l l y a t l e a s t one decade.
-It m a y b e v e r y p o w e r f u l (depending o n l y on t h e i n t e n s i t y o f t h e e l e c t r o n beam w h i c h feeds it). Thus it w i l l a l l o w t h e s t u d y o f non l i n e a r phenomena and a l s o it w i l l l e a d t o a v e r a g e p o w e r s r e a c h e d t o d a y o n l y b y CO, l a s e r s a t 10.6 Pm -It has t h e p o t e n t i a l i t y t o o p e r a t e a t any w a v e l e n g t h i n c l u d i n g t h e XUV s p e c t r a l r a n g e .
H o w e v e r t h e r e q u i r e m e n t s on t h e e l e c t r o n beam q u a l i t y become m o r e and m o r e s e v e r e a s t h e w a v e l e n g t h d e c r e a s e s . M o s t o f t h e r e s e a r c h i n t h e FEL f i e l d i s i n f a c t devoted t o t h e i m p r o v e m e n t o f t h e s e s o u r c e s i.e., t h e a c c e l e r a t o r s o f v a r i o u s t y p e s [ s t o r a g e rings, l i n e a r RF a c c e l e r a t o r s , Van de Graaf, m i c r o t r o n s ... I. T h e r e f o r e it i s n o t c l e a r t o d a y what w a v e l e n g t h w i l l b e u l t i m a t e l y r e a c h e d by t h e FEL. N e v e r t h e l e s s it i s c e r t a i n t h a t any i m p r o v e m e n t on t h e e l e c t r o n s s o u r c e s h a s a n i n f l u e n c e on t h e FEL. H o w e v e r t h e d e v e l o p m e n t of a c c e l e r a t o r s i s v e r y t i m e consumming so t h a t t h e d e l a y b e t w e e n t h e beginning of an FEL p r o j e c t and t h e f i r s t l a s e r beam i s i n t h e r a n g e 5-10 y e a r s .
We w i l l now r e v i e w t h e p r i n c i p l e o f t h e FEL and t h e v a r i o u s schemes w h i c h a l l o w t o s h o r t e n t h e e m i t t e d wavelength.
JI-PRINCIPI F OF THF FF'
A s e x p l a i n e d b e f o r e an u n d u l a t o r , i n p r a c t i c e a p e r i o d i c t r a n s v e r s e m a g n e t i c f i e l d , i s u s e d t o c o u p l e t h e e l e c t r o n s t o t h e e l e c t r o m a g n e t i c wave. G e n e r a l l y t h e e l e c t r o n t r a n s v e r s e s p e e d and t h e e l e c t r i c f i e l d o f t h e wave o s c i l l a t e a t d i f f e r e n t f r e q u e n c i e s so t h a t t h e n e t e n e r g y t r a n s f e r , w, i s c l o s e t o z e r o : w = J Z V " d t ==0 (1) h o w e v e r a t a g i v e n wavelength, c a l l e d r e s o n a n t (AR), o r i t s h a r m o n i c s t h i s i n t e g r a l does n o t v a n i s h . AR i s such t h a t when t h e e l e c t r o n has t r a v e l l e d along one period, A, , o f t h e u n d u l a t o r , t h e l i g t h has t r a v e l l e d t h e same d i s t a n c e p l u s an i n t e g e r n u m b e r o f w a v e l e n g t h s AR(since t h e l i g t h t r a v e l s s l i g h t l y f a s t e r t h a n t h e u l t r a -r e l a t i v i s t i c e l e c t r o n s considered). T h e r e f o r e : A0 A0 + ~A R
Where v , , i s t h e l o n g i t u d i n a l speed of t h e e l e c t r o n s . Taking i n t o account t h a t II = I -v 2 / c 2 and t h a t 9, i s s l o w e d down w h e n t h e e l e c t r o n s i n t e r a c t w i t h t h e magnetic field, B, , of t h e u n d u l a t o r it comes :
e. BOAo
w h e r e n = 1,2 . . . y m a y be e x p r e s s e d as : E E (MeV)
0.51 1 F o r e x a m p l e f o r 50 MeV e l e c t r o n s , 7 -100 and t h e wavelength, A, , i s
" s h i f t e d " b y a f a c t o r lo4 s o t h a t AR l i e s i s i n t h e o p t i c a l (UV-Vis-IR) s p e c t r a l r e g i o n . A t t h e s e wavelengths s e v e r a l i n t e r e s t i n g phenomena do a p p e a r (fig. 1) : R e l a t i v i s t i c e l e c t r o n s t r a v e l l i n g t h r o u g h a m a g n e t i c s t r u c t u r e e m i t s y n c h r o t r o n r a d i a t i o n . The r a d i a t i o n e m i t t e d i n t h e u n d u l a t o r i n t e r f e r e s p o s i t i v e l y f r o m pe'riod t o p e r i o d f o r t h e w a v e l e n g t h s AR (n). T h i s g i v e s i t s p a r t i c u l a r c h a r a c t e r t o t h i s r a d i a t i o n w h i c h i s c a l l e d " u n d u l a t o r r a d i a t i o n " o r , by analogy w i t h a t o m i c l a s e r s , " s p o n t a n e o u s e m i s s i o n " . I t c o n s i s t s i n a s e r i e s o f l i n e s c e n t e r e d a t t h e d i f f e r e n t AR(n). (This i s t r u e o n l y when o b s e r v i n g i n a n a r r o w cone c e n t e r e d o n t h e u n d u l a t o r axis. I n t e g r a t i n g o v e r t h e a n g l e g i v e s t h e s p e c t r u m an a l m o s t c o n t i n u o u s c h a r a c t e r ) . On s t o r a g e r i n g s (when t h e e n e r g y i f h i g h + 500
MeV) t h i s s p o n t a n e o u s e m i s s i o n i s u s e d as an i m p r o v e d s o u r c e o f s y n c h r o t r o n r a d i a t i o n i n t h e X and XUV s p e c t r a l r e g i o n s . 
UNDULATOR modulator radiator
A t f i r s t o r d e r 3 different processes may appear i n an undulator : a) "undulator" o r "spontaneous" emission which may constitute, at high energy, an improved source of synchrotron radiation. b) gain mechanism i n which an external l a s e r o r the cavity stored spontaneous emission i s amplified. c) Coherent spontaneous emission where t h e harmonics of the spontaneous emission a r e amplified by the beam bunching.
When an e x t e r n a l electromagnetic wave at wavelength AR(n) t r a v e l s i n coincidence w i t h t h e e l e c t r o n beam inside t h e u n d u l a t o r it has an i n f l u e n c e on these e l e c t r o n s : some a r e accelerated other a r e deccelerated depending on t h e i r r e l a t i v e phase w i t h r e s p e c t t o the incident wave. T h e r e f o r e t h e e l e c t r o n s have a tendency t o accumulate at some p a r t i c u l a r positions separated p e r i o d i c a l l y f r o m each other by AR(n). One says t h a t the beam i s "bunched". Once bunched the beam r e a c t s on t h e incident wave leading t o gain o r absorption depending on the phase of t h e bunching v e r s u s t h e wave o r equivalently on a s m a l l detuning f r o m the exact resonant wavelength. The e x t e r n a l wave i s g e n e r a l l y t h e spontaneous emission it s e l f s t o r e d i n an optical cavity so as t o t r i g g e r t h e l a s e r multi-pass amplification p r o c e s s . A n i m p o r t a n t d i f f e r e n c e w i t h atomic l a s e r s i s t h a t t h e l a s e r energy i s not t a k e n on t h e so-called "spontaneous emission" but on t h e e l e c t r o n s kinetic energy leading t o l a s e r powers much higher t h a n t h e undulator radiation power. The optical gain p e r pass G, i s proportionnal t o :
Where ? i s t h e e l e c t r o n beam peak current, te and Ew the e l e c t r o n and l i g h t beam s u r f a c e s and Fi n, describes the e f f e c t of a non mono-kinetic beam (effects of t h e energy spread and emittance). It i s easy t o see on eq.(3) t h a t as one reducesl, increases. T h e r e f o r e the gain i s reduced as
One has t h e r e f o r e t o i n c r e a s e tend as long t h e F , , , f a c t o r do not n e u t r a l i z e the gain improvement. Thus the problem of making a s h o r t wavelength FEL i s m o s t l y a m a t t e r of improving the e l e c t r o n beam p r o p e r t i e s (peak c u r r e n t , emittance and energy spread). C) C o h e r e n t s~o n t a n e o u s e m i s s i o r l :
The spontaneous emission i s a f f e c t e d b y t h e gain process, i.e. the bunching. N o r m a l l y t h e d i f f e r e n t waves emitted by t h e e l e c t r o n s add incoherently leading t o an amplitude which i s proportionnal t o t h e square r o o t of t h e number of the electrons, N , , ("random walk") and t o an intensity proportionnal t o N, . Once the e l e c t r o n s a r e bunched t h i s sum becomes coherent at t h e wavelengths AR(n) and the amplitude and i n t e n s i t y become p r o p o r t i o n n a l t o N, and N , ' respectively. Since N, " = 1 0 l 0 t h e i n c r e a s e i n i n t e n s i t y may be v e r y l a r g e . This e f f e c t i s at f i r s t o r d e r independant o f t h e gain process. It i s no independant of t h e FEL i n that sense that t h e l a s e r s a t u r a t i o n process, i n which t h e energy spread o f t h e beam increases, has a tendency t o w i l l t h i s coherent l i g h t generation.
The s o -c a l l e d "harmonic generation" i s an a l t e r n a t i v e t o t h e s h o r t wavelength FEL oscillatorC101. A n external, v i s i b l e o r near-UV, powerful1 l a s e r i s sent i n coincidence w i t h an e l e c t r o n beam ( fig. 1) . .
t h r o u g h an undulator, i t s wavelength corresponding t o AR(t). Then the beam becomes "bunched" and coherent

Fia. 2 E x p e r i m e n t a l l y o b s e r v e d h a r m o n i c g e n e r a t i o n on t h e s t o r a g e r i n g ACO. E v e r y r o u n d t r i p i n t h e r i n g (73 nsec) one spontaneous e m i s s i o n p u l s e i s e m i t t e d by t h e e l e c t r o n bunch. When t h e e x t e r n a l l a s e r h i t s t h e bunch one peak i s a m p l i f i e d a t A=AR(n). On (a) t h e a m p l i f i c a t i o n r a t i o i s a few u n i t s . On (b) it i s about 100 s o t h a t t h e u n a m p l i f i e d p u l s e s disappear f r o m t h e p i c t u r e . e m i s s i o n t a k e s p l a c e n o t o n l y a t AR(l) (which i s useless) b u t a l s o on t h e s u c c e s s i v e h a r m o n i c s AR(l)/n. F o r e x a m p l e i f AR(1)=3000 A t h e h a r m o n i c s 3,5 and 7 (only odds h a r m o n i c s a r e e m i t t e d along t h e u n d u l a t o r axis) p r o v i d e s w i t h VUV l i g h t down t o a p p r o x i m a t e l y 400 A (25 eV). I f t h e e x t e r n a l l a s e r i s t u n a b l e (it m a y be a doubled d y e -l a s e r ) t h e h a r m o n i c s w a v e l e n g t h becomes a l s o t u n a b l e . H a r m o n i c g e n e r a t i o n down t o 1064 A (12 eV) has been d e m o n s t r a t e d a t 0 r s a Y C 1 l1 on t h e s t o r a g e r i n g ACO (fig. 2 ) .
The i n t e n s i t i e s obtained b y h a r m o n i c generation, i n w h i c h t h e e l e c t r o n beam a c t s l i k e a f r e q u e n c y m u l t i p l i e r n o n -l i n e a r medium a r e m u c h s m a l l e r t h a n w o u l d b e p r o d u c e d by an FEL o s c i l l a t o r . However t h i s s h o u l d p r o d u c e 10" t o lo1* p h o t o n s p e r p u l s e (at about 10 Hz) i n a s p e c t r a l r e g i o n w h e r e n o l a s e r s a r e a v a i l a b l e and w h e r e it i s d i f f i c u l t t o r e a l i z e an FEL because t h e o p t i c a l gain i s l o w and good c a v i t y m i r r o r s a r e h a r d l y available. d l S e l f A m o l i f i e d S p o n t a n e o u s F r n i
I n f a c t t h e o p t i c a l g a i n m e c h a n i s m and t h e spontaneous e m i s s i o n a r e o b v i o u s l y c o r r e l a t e d . When t h e bunching i s v e r y e f f i c i e n t (i.e. when t h e g a i n i s high) s e v e r a l phenomena o c c u r ; t h e spontaneous e m i s s i o n i s a m p l i f i e d along t h e
u n d u l a t o r i n a s i g n i f i c a n t m a n n e r . This m a y l e a d t o s i n g l e -p a s s F r e e e l e c t r o n l a s e r s ( i . e . s u p e r r a d i a n c e ) . T h i s h a s t h e a d v a n t a g e o f a v o i d i n g t h e u s e o f m i r r o r s w h o s e r e f l e c t i v i t y and r a d i a t i o n r e s i s t a n c e i n t h e XUV r e g i o n a r e questionnable (even i f r e c e n t advances have been made i n t h i s m a t t e r ) . A l s o i n t h e h i g h g a i n r e g i m e t h e e l e c t r o n beam i n d e x o f r e f r a c t i o n i n c r e a s e s l e a d i n g t o " g u i d i n g " o f t h e o p t i c a l beam. T h i s l a s t e f f e c t w o u l d r e l a x n o t i c e a b l y t h e c o n s t r a i n t s o n t h e e l e c t r o n beam q u a l i t y . High beam am l i f i c a t i o n h a s been f131 d e m o n s t r a t e d r e c e n t l y , b u t o n l y i n t h e m i l l i m e t e r w a v e r a n g e 
t i s r o u g h l y p r o p o r t i o n n a l t o t h e l a s e r wavelength AL ! (with an anomalous peak i n t h e v i s i b l e range). G e n e r a l l y t h e FEL i s c o n s i d e r e d as s u f f i c i e n t l y m a t u r e i n t h e FIR and IR s p e c t r a l r a n g e s so t h a t u s e r f a c i l i t i e s a r e now open[14] o r i n p r o j e c t . Near IR and v i s i b l e r a n g e s a r e t h e f a v o r i t e s of SDI p r o j e c t s [ u n p u b l i s h e d ] . T h r e e FEL, h a v e r e a c h e d t h e v i s i b l e range, one o n a s t o r a g e r i n q l g \ , ~r s a~[~ 'I , t h e s e c o n d o n a s u p e r c o n d u c t i n g RF l i n e a r a c c e l e r a t o r t h e 3 r d on a r o o m t e m e r a t u r e l i n a c [ 1 7 ] . The s h o r t e s t w a v e l e n g t h p r o d u c e d i s , a s mentionned abovJgl 4600 A. The h a r m o n l c g e n e r a t i o n has l e d a t O r s a y t o c o h e r e n t l i g h t down t o 1064 A. Among t h e v a r i o u s FEL projects,
I w i l l now r e v i e w t h o s e aimed a t VUV o r XUV p r o d u c t i o n .
A few y e a r s ago m o s t p e o p l e i n t h e FE? f i e l d t h o u g h t t h a n t h e beam q u a l i t y on s t o r a g e r i n g o f f e r e d t h e b e s t o p p o r t u n i t y t o r e a l i z e s h o r t w a v e l e n g t h l a s e r s . I n f a c t i t a p p e a r e d that, when one r i s e s t h e c u r r e n t s t o r e d i n a ring, (which i s needed t o i n c r e a s e t h e o p t i c a l gain), t h e beam q u a l i t y i s degraded. On t h e o t h e r hand m a n y p r o g r e s s have been made on l i n e a r a c c e l e r a t o r s and m a n y new i d e a s a r e s t i l l N e v e r t h e l e s s s e v e r a l e x p e r i m e n t on s t o r a g e r i n g s have s t a r t e d .
A t O r s a y f o l l o w i n g t h e s u c c e s s f u l l e x p e r i m e n t s on t h e o l d r i n g ACO, a new FEL p r o r a m m h a s s t a r t e d o n t h e new r i n g Super-ACO
, r e c e n t l y c o m m i~s i o n e d~'~~. T h i s r i n g has t h e advantage o f being f i l l e d w i t h p o s i t r o n s r a t h e r t h a n e l e c t r o n s . The e m i t t a n c e o f a p o s i t r o n beam do n o t i n c r e a s e w i t h c u r r e n t s i n c e t h e (positive) i o n s c r e a t e d b y t h e c i r c u l a t i n g p a r t i c l e s a r e e x p e l l e d by t h e r e p u l s i v e Coulombian i n t e r a c t i o n i n s t e a d o f being t r a p p e d on t h e beam path. Two k i n d s o f e x p e r i m e n t s a r e planned : -A FEL o s c i l l a t o r s h o u l d w o r k i n t h e v i s i b l e t h r o u g h VUV s p e c t r a l r e g i o n s . The l o w e s t w a v e l e n g t h a t t a i n a b l e i s l i k e l y t o b e 1200 A (10 eV) c o r r e s p o n d i n g t o t h e l i m i t o f t h e r e f l e c t i v i t y of A l u m i n i u m (which i s g r e a t e r t h a n 90%). Below this, t h e a v a i l a b l e r e f l e c t i v i t y (Sic, m u l t i l a y e r s ) a r e of t h e o r d e r of 50% o n l y .
C9-58
JOURNAL DE PHYSIQUE -The h a r m o n i c g e n e r a t i o n s h o u l d p r o d u c e p h o t o n s i n t h e r a n g e 300 -2000 A (5-30 eV). The i n c i d e n t l a s e r w i l l be e i t h e r a mode l a c k e d t u n a b l e dye l a s e r i n t h e r a n g e 2500-6000 A o r t h e FEL it s e l f w o r k i n g i n t h e same r a n e and i n t h e T h e r e f o r e it a p p e a r s t h a t i n t h e " t w o -s t a g e " FEL t h e w a v e l e n g t h i s s h i f t e d b y t h e f a c t o r 8 r 4 i n s t e a d o f 2 r 2 . This has t w o p o t e n t i a l advantages :
-The e n e r g y needed t o r e a c h t h e XUV r e g i o n i s now v e r y l o w (a few MeV) a l l o w i n g t o use s m a l l e r a c c e l e r a t o r s -F r o m eq. 6 it a p p e a r s t h a t t h e o p t i c a l g a i n i s g r e a t l y enhanced since '6 i s l o w and A, (to b e r e p l a c e d b y A, i n t h i s e x p r e s s i o n ) i s v e r y s m a l l .
H o w e v e r o t h e r e f f e c t s r e d u c e t h a t g a i n s u c h as t h e d i f f i c u l t y t o obtain a l o w e m i t t a n c e e l e c t r o n beam a t l o w e n e r g y and t h e n a t u r a l d i v e r g e n c e o f t h e o p t i c a l beam f o r m i n g t h e u n d u l a t o r .
I n o r d e r t o p r o d u c e an a p p r e c i a b l e m a g n e t i c f i e l d t h e pump p o w e r has t o be v e r y l a r g e , o f t h e o r d e r o f one Gi a w a t t o r m o r e . The f i r s t t e c h n i q u e i s a l r e a d y being e x p l o r e d a t Santa B a r b a r a [ 2 5 q w h e r e a 700 &m o p t i c a l u n d u l a t o r g e n e r a t e d b y a 6 MeV e l e c t r o n beam s h o u l d g e n e r a t e a "second-stage" FEL a t 1 p m . A l t h o u g h n o t aimed a t p r o d u c i n g an XUV l a s e r t h i s e x p e r i m e n t i s c e r t a i n l y one o f t h e m o s t i n t e r e s t i n g among t h o s e planned i n a n e a r f u t u r e and w i l F r e e e l e c t r o n g e n e r a t o r s h a v e shown t h e i r a b i l i t y t o p r o d u c e c o h e r e n t l i g h t i n a w i d e s p e c t r a l r a n g e . I ! p a r t i c u l a r t h e h a r m o n i c g e n e r a t i o n h a s been a b l e t o c r e a t e c o h e r e n t photons i n t h e VUV down t o about 1000 A. H o w e v e r t h e s e s o u r c e s h a v e s t i l l t o p r o v e t h e i r u s e f u l n e s s i n t h e XUV s p e c t r a l range. A n answer s h o u l d b e g i v e n i n t h e n e x t 5 y e a r s b y on-going e x p e r i m e n t s . The X -r a y s p e c t a l r a n g e seems t o b e v e r y d i f f i c u l t t o r e a c h w i t h t h e p r e s e n t s t a t e o f t h e a r t . I n f a c t t h e FEL p e r f o r m a n c e s r e l y m a i n l y on t h e a c c e l e r a t o r q u a l i t i e s . T h e r e f o r e many a c c e l e r a t o r studies a r e conducted a r o u n d t h e w o r l d i n o r d e r t o f i t t h e m t o t h e FEL r e q u i r e m e n t s . These s t u d i e s t a k e i n p r a c t i c e m a n y y e a r s s i n c e a c c e l e r a t o r s c i e n c e i n v o l v e d e l i c a t e t e c h n o l o g i e s : High power, Radio-frequency p r o d u c t i o n and c o n t r o l , f i n e mechanics, r e m o t e c o n t r o l , high r a d i a t i o n environment, lo-'' sec . t i m e s c a l e m e a s u r e m e n t . . . The FEL h a s c e r t a i n l y a b r i g h t f u t u r e i n t h e p r o d u c t i o n of c o h e r e n t l i g h t f o r i n d u s t r y and r e s e a r c h , even i n t h e XUV s p e c t r a l range, b u t t h l s f u t u r e w i l l t a k e t i m e .
